Abstract This study is to compare biogas potentials with the theoretical methane yields of swine manure from livestock farm (LF) and in situ biogasification facilities treating swine manure. In the case of LF, theoretical methane yield based on VS and CODcr by element analysis was 0.39 Sm 3 CH 4 /kg and 30.96 Sm 3 CH 4 /ton, respectively. For the in situ biogasification facilities, theoretical methane yield based on VS and CODcr by element analysis was 0.30 Sm 3 CH 4 /kg and 8.28 Sm 3 CH 4 /ton, respectively. Theoretical methane yields based on the weight of swine manure from LF were about three times higher than those from in situ facilities (ISF). As a result, when swine manure has reached the ISF, the decrement of about 24.5-73.3% in the methane yield could be seen due to the 3-6-month stationing of swine manure in the storage tank of LF. In order to improve the biogasification efficiency of swine manure, it is important to maintain high concentration of swine manure during the collection process from LF.
Introduction
Land filling and ocean dumping of organic waste such as food waste, swine manure have been prohibited since 2005 and 2013, respectively [1] . Swine manure was produced approximately 173,052 m 3 day -1 in 2012, and 89.3% of that from the entire livestock farm (LF) had been recycled by manure management methods such as composting, biogasification. [2] [3] [4] . In Korea, the production of swine manure has been increased continuously along with the industrialization and specialization of the domestic LF [5] [6] [7] . Swine manure was generated approximately 173,052 m 3 day -1 from LF [2, 3] . Due to the odor and aesthetic impact of swine manure, treatment methods have been studied endlessly and issued. The rest of 9.7% of swine manure in breeding farms was handled by entrusting the external vendors [8] [9] [10] .
Among the various treatments, anaerobic biogasification has attracted attention for producing the renewable energy such as methane gas. With the cooperation of various government departments, the biogasification of swine manure is being actively pursued recently. Ministry of Agriculture, Food and Rural Affairs in Korea settled the master plan and suggested an execution scheme on animal manure energization [8, 9] . Ministry of Environment in Korea has planned to construct 22 new biogasification facilities until 2020 investing 722.5 billion KRW [11, 12] .
In Korea, management of swine manure from LF is very different from that in EU countries. Nevertheless, recent situation about increment in biogasification facilities, most of biogasification facilities treating swine manure do not meet the normal capacity utilization by itself. In particular, the average biogas production amount per ton in ongoing biogasification facilities was 9.6 m 3 which was not effective compared with other organic wastes including food waste (109.7 m 3 ) [14] . Therefore, the purpose of this study was to evaluate justification of the low-efficient methane productivity and to find out alternatives for improving the biogasification efficiency in in situ facilities (ISF) compared with LF.
Materials and methods

Outline of livestock farms and biogasification facilities
The outline of LF and biogasification facilities for this study is described in Tables 1 and 2 . Fifteen LF breeding pigs from different locations were selected for this investigation. These farms were chosen by various types of breeding pig, shape and scale of farms, etc. Sampling was conducted depending on classification of the growth sequence of pigs: Pig 1 (25-60-day breeding, piglets), Pig 2 (60-116-day breeding), Pig 3 (116-189-day breeding, before shipping to butchery) and Pig 4 (sows including pregnant pigs) [15] . Each sample was collected from respective swine manure storage tanks of explained before breeding pigs and the last combined liquefied fertilizer tank in LF.
Three ongoing biogasification facilities treating swine manure independently were chosen as target for this study. The precision diagnostication of facilities was conducted for sampling and inspecting operating factors such as volatile fatty acids (VFAs), volatile solids (VS), total solids (TS), element contents (carbon, nitrogen, sulfur and hydrogen), nutrients (carbohydrate, protein and fat). Sampling was carried out in all seasons and gathered from the input storage tank of facilities. All of samples from ISF were immediately stored in a refrigerator until they were analyzed. All of swine manure samples of LF and ISF were frozen and preserved in the refrigerator until analysis.
Analytical methods
All of samples collected from LF and ISF were taken on the regular basis for determining physicochemical properties. The detailed analysis list is as follows: TS, VS, moisture contents, chemical oxygen demand (CODcr), total nitrogen (TN), ammonium nitrogen (NH 3 -N), total phosphorus (TP) and phosphate phosphorus (PO 4 -P) [18, 19] . Element contents were analyzed for the calculation of theoretical methane yield based on VS and CODcr. Samples for element contents analysis were completely dried at 105°C for 4 h in order to eliminate the internal moisture. The dried samples were pulverized to fine particles of less than 0.05 mm. Element contents such as carbon (C), hydrogen (H), nitrogen (N) and sulfur (S) were determined using the elemental analyzer. Elemental analyzer (Leco Co. 628 series, 2012) was equipped with non-dispersive infrared cells, thermal conductivity cell and sulfur infrared detection cell and utilized to detect H 2 O, CO 2 , N 2 and SO 2 oxidized element contents present in samples. The amount of separated gases from oxidized samples in the analytical equipment was converted into % contents on the basis of the concentration of reference materials, EDTA and coal.
VFAs were analyzed according to Standard methods (5560 D-gas chromatographic method 4.a.) [16] . Samples were pre-treated by extraction with diethyl ether to determine VFAs contents by gas chromatography. Gas chromatography was composed of FID and DB-FFAP column (25 m 9 0.32 mm 9 0.5 lm) and operated at 240°C in 1.0 mL min -1 flow rate condition.
Calculation of theoretical methane yield
Along with microbiology of anaerobic digestion process, organic waste (swine manure) consumed by microorganisms was degraded and converted into the following end products: methane, carbon dioxide, ammonia gas and water. Equation (1) utilizes element contents (C, H, O and N) for estimating the theoretical methane yield from organic waste [20] [21] [22] .
In addition, Rittmann and McCarty [23] suggested the substrate partitioning and cellular yield to anaerobic stoichiometry of anaerobic treatment. Equation (2) considers two kinds of portions, f e used to generate energy and f s constituted of microbial cells. In this study, theoretical methane yield was calculated by generic coefficients of two distinct methanogens shown in Table 3 and used in stoichiometric Eq. (2). On the basis of methanogenesis metabolism (Gujer and Zehner) [24] , organic matter was converted to CH 4 and CO 2 by the acetate fermenters (72%) and hydrogen oxidizers (28%). Equation (4) meaning the theoretical methane yield based on VS by elements contents could be computed in reference to above formula (2) and (3). Theoretical methane yield expressed as STPÁLÁCH 4 /gÁCODcr was calculated by Eq. (5) concerning the ratio of CODcr/VS. In this study, molecular formulas using the results of elements analysis in this study were applied to the theoretical methane yield.
Theoretical methane gas production STP L Á CH 4 
Theoretical methane gas production STP L Á CH 4 =g Á CODcr ð Þ
Results and discussion
Characterization of swine manure in LF and ISF Table 4 presents characteristics of swine manure from LF and ISF. Swine manure has a different distribution of concentration according to the source and the type of LF. In particular, the swine manure discharged from the large-scale farms contains high organic matters and solids contents [5, 20] . It means that there is a corresponding correlation between concentrations of decomposable organic matter at the storage tank and average values in LF and confirms that the average value gas a representativeness among characteristics of swine manure in LF.
As appeared in Table 4 , the average contents values of TS, VS and CODcr of swine manure from ISF were 3.9, 2.9% and 49,133 mg L -1 , respectively. These values showed a decrement of approximately one-third of organic compound contrasting with mean values of swine manure from LF. However, VS/TS ratio, 72.6%, means organic content is analogous with the result of ISF, 71.8%. The nitrogen component such as NH 3 -H could be acting as inhibitors to anaerobic digester [25, 26] . The average concentration of NH 3 -H and TN was 2920 and 4862 mg L -1 , respectively. Those values had higher contents than the organic materials of typical anaerobic digestion system such as food waste, food waste leachate, sewage sludge. The TP and PO 4 -P concentrations of swine manure in ISF were 708 and 442 mg L -1 , respectively. Table 4 Characteristics of swine manure in livestock farm and in situ facilities 
Volatile fatty acids (VFAs)
High acclimation of VFAs can cause the acidification and operation failure of anaerobic digester [27, 28] . VFAs concentration of pre-treated swine manure samples from LF and ISF is presented in Fig. 1 . Total VFAs concentrations of Pig 1, Pig 2 and Pig 3 were roughly 15,000 mg L -1 . However, the value of Pig 4 was 8331 mg L -1 which was lower than mean value, 12,895 mg L -1 , since generated swine manure was collected immediately from the bottom of breeding farm before undergoing the self-decomposition process. Pig 4 including the pregnant pigs and sows bred in stall bottom type popularly for convenience of parturition and domestication. In ISF, each of total VFAs concentration ranged from 5163 to 9360 mg L -1 depending on process features of incoming organic matters into the biogasification facilities. The average VFAs content was 6820 mg L -1 corresponding to the mean value of LF, 52.9%.
Organic constituents (carbohydrate, protein and fat)
Properties of organic constituents are illustrated in Fig. 2 . The average weight of protein, fat and carbohydrate of LF was 2.42, 2.57 and 4.55 g/100 g, respectively. The average weight of protein, fat and carbohydrate of ISF was 2.16, 1.34 and 1.62 g/100 g, respectively. Total nutrient contents from LF and ISF were 9.54 and 5.12 g/100 g, respectively. Through these results, fat, carbohydrate and total nutrients were degraded about 48.0, 64.4 and 46.4%, respectively. It means that swine manure was decomposed in advance during transportation from LF to biogasification facilities. Moreover, it is estimated that swine manure was acquired in condition of inapposite agitation at the storage tank in LF during the collection process. Among the organic constituents, protein had the lowest difference between LF and in situ biogasification facilities. Table 5 presents the elements analysis of swine manure in LF and ISF. The average elements contents (%) of LF were 42.1 on carbon, 6.4 on hydrogen, 3.5 on nitrogen, 1.1 on sulfur and 18.7 on oxygen. The average values of ISF were 35.5 on carbon, 5.1 on hydrogen, 3.9 on nitrogen, 0.9 on sulfur and 22.5 on oxygen. Elements analysis results showed that ISF values are lower than LF except for nitrogen and oxygen in mean values. The carbon/nitrogen (C/N) ratio of LF and ISF was 12.5 and 9.7, respectively. Considering the nitrogen contents (%) between LF and ISF almost identical, pre-decomposition of carbon sources in the swine manure occurred in the process of transportation to facilities.
Elements content analysis
Theoretical methane yield (TMY) in LF and ISF
All of the theoretical methane yields were calculated assuming 100% removal efficiency of swine manure. As presented in Table 6 , theoretical methane yield of LF (TMYLF) and ISF (TMYISF) was estimated depending on the proportions of element contents. Theoretical methane LF livestock farms breeding pigs, ISF in situ biogasification facilities treating swine manure, ST storage tank, Avg average value, SM in situ biogasification facility treating swine manure yield based on VS and CODcr in this study was modified with microbial generic parameters of methanogens: acetate fermenters and hydrogen oxidizers in Table 3 . On the basis of series metabolism resulting in methanogenesis, complex organic compounds containing swine manure were converted to CH 4 portioned of 72% on acetate fermenters and 28% on hydrogen oxidizers. Theoretical methane yield based on element compounds is shown in Table 6 and (Table 6 ). However, theoretical methane yields showed identical results in spite of Comparison on characteristic of swine manure between Korea and Germany Table 7 presents the comparison of characteristics of swine manure in LF and ISF in Korea and Germany. Like aforementioned in introduction part, EU, especially in Germany, shows high organic compounds and biogasification efficiency of swine manure than Korea [13] . The reason for those results is that swine manure in Germany has almost no difference in properties between incoming ISF and generating LF since being sent to the biogasification facilities immediately after generation from LF. When comparing the organic concentrations of swine manure in the ISF between Korea and Germany, the values of Germany (C) had high organic compounds (TS and CODcr) at least 1.5 times of Korea (B) shown in Table 7 . In Korea, swine manure sent to ISF (A) was approximately 2.5 times lower than swine manure generated from LF (B). Methane yield based on ton of swine manure was 6.69 Nm 3 CH 4 /ton (A), 18.37 Nm 3 CH 4 /ton (B) and 17.0 Nm 3 CH 4 /ton (C). It was estimated that it is necessary to inject a high concentration of swine manure into facilities for elevating the efficiency of biogasification (including methane yield) like Germany cases in Table 7 . 
